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PACS We develop the effective-field method with correlations proposed in [1] . For a classical system with short-range interactions the lattice can always be divided into a finite cluster Ω, its boundary 0Ω, and ,Ω, the complement of Ω U 0Ω, in such a way that its Hamiltonian can be written as -βH = H0 ( Ω, 8Ω) + H'(∂Ω), where the degrees of freedom are denoted by the variables σ E Ω and τ E 0Ω and the effective Hamiltonian H' (1) [1, 2] can be expanded into the form with some self-consistent coefficients αi , bij. First, we consider here the Ising Ω clusters with L2 sites on the square lattice and we calculate the critical coupling and magnetization per spin (σ) with zero external magnetic field. The estimates of the critical coupling Kc = J/kB Tc are given in Table , where L denotes the size of the Ω cluster whereas n is the number of b coefficients taken into account in H'(τ). The exact result is Kc = 1/2 Ιn(/2 + I) 0.4407. In the second column the MFA results are displayed. The self-consistent calculations with 0, 1, 2 and 3 parameters in Eq. (1) for the pair correlations of τ are performed and the estimates of Kc are shown in the next columns of Table. The magnetization as a function of K-1 = kBT/J is shown in Fig. 1 . The lower thick solid curve is the exact result of Yang [3] while the upper one represents the standard MFA. The sparse dotted curve is calculated for L = 1 where there (4451 is only one spin σ and no correlations are possible to include. The magnetization for L = 2 is represented by the dense dotted curves and for L = 3 by the thin solid curves. The upper curves for every L are calculated when no correlations are included in H'(τ), tle middle ones when the nearest neighbor correlations are included in H'(τ) and the lower ones when the nearest and the next nearest neighbor correlations are included in H'(τ). Apart from the critical exponent β (which retains its classical value), our curves approach the exact magnetization curve in the entire temperature region, even for small clusters.
For quantum-mechanical models the factorization of the Boltzmann factor is not applicable and we should allow the dependence of H' on the variables σ from the interior of the cluster Ω. We follow the method [1, 2] based on the assumption that the strongest contributions to H' appear at or around the boundary Ω.
The zerofield specific heat calculated for the isotropic Heisenberg model in the entire temperature region is plotted in Fig. 2 . We performed direct diagonalization of the matrix representation with free . boundary conditions. We carried out the standard finite-segment calculations (2 < N < 15) as well as we included up to 2 extra effective interactions. We also performed large-scale quantum transfer-matrix calculations (QTM) [4] for kB T/J < 0.1, to obtain independent estimates of the specific heat in the region of quantum fluctuations. The variation of the finite-size specific estimates (per site, in units of kB) with respect to 1/N and 1/m2 for both methods at kBT/J = 0.1 is plotted in Fig. 3 . Our new QTM findings for the system size N < 360 and the Trotter number m < 13 confirmed our direct diagonalization data. We obtained good convergence of the finite-size data and consistent extrapolated values down to kBT/J = 0.04. We expect that our
